ved patient survival, which today reaches an average of 40 years, in contrast with the life expectancy of less than a one-year survival in the 1950s (3) .
Increased survival rate brought forth comorbidities related to CF, such as cystic fibrosis-related diabetes (CFRD), bone diseases and depression (3, 4) . The first account of oral glucose intolerance (OGI) in patients with CF was published in 1955, and currently CFRD is considered the most common complication associated with CF (3, 5) .
In the United States, the prevalence of CFRD is as high as 50% in adult patients of about 30 years old, and 9% in children between 5 and 10 years of age, progressively increasing during puberty (6) (Figure 1 ). mation on the epidemiology, pathophysiology, prognosis and treatment of CFRD. The main aspects of these new concepts, as well as the current recommendations for CFRD diagnosis and follow-up, will be presented in this report.
DefInItIOn AnD DIAgnOSIS Of cfRD -An evOlvIng vISIOn
CFRD is part of the set of abnormalities in glucose tolerance, which goes from IGT to CFRD (11) (Figure 2 ). In the 1997 consensus, the American Diabetes Association included CFRD in the diabetes mellitus classification among "other types of diabetes -exocrine pancreas diseases" (7) .
The importance of CFRD detection and treatment has been highlighted in recent years due to its association with a six-fold increase in CF morbidity and mortality. Clinical condition deteriorates, possibly two to six years before diagnosis (8) .
Diabetes in CF is generally asymptomatic and may remain undetectable for up to four years prior to diagnosis (9) , and because of this, it is necessary to utilize the oral glucose tolerance test (oGTT) as a screening tool for early detection (10) .
Throughout recent years, several studies and consensuses have focused on this condition, adding inforThe first important consensus, which initiated the standardizations of this issue, was the North American CFRD Committee Consensus, in 1998. In this document, CFRD was defined by 2-hour glycemia ≥ 200 mg/dL in the oGTT and it was suggested that patients with diabetes should be divided between those with or without fasting hyperglycemia (FH), respectively, fasting glycemia ≥ 126 or < 126 mg/dL (Figure 1 ). This classification was based on the fact that the prognosis could be different in the two groups. Screening for diagnostic recommendation was one annual random glycemia assessment. If glycemia was ≥ 126 mg/dL, fasting glycemia test would be indicated. Diagnosis would be confirmed by two fasting glycemia measurements greater than 126 mg/dL, or one measurement greater than 126 mg/ dL, associated with random glycemia greater than 200 mg/dL. The oGTT was not recommended as a screening tool, and was utilized on patients without fasting hyperglycemia, but who presented potential symptoms for diabetes, such as unexplained polyuria or polydypsia, failure to maintain or gain weight (despite adequate nutritional support), slow growth, pubertal delay and inexplicable decline in pulmonary function (12) .
Later on, oGTT became recommended annually, from 14 years of age on, as a screening test (13 (15) . In the general population, the Diabetes Prevention Trial-Type 1 Study Group showed that individuals with the "indeterminate" profile are considered to be at risk for developing DM (16) , and in children with CF, it was associated with the early development of diabetes (17) .
Some special situations, which are common in patients with CF, have begun to be considered to determine CFRD diagnosis (11, 15) (Figure 3 ): -oGTT must be performed according to the ADA guidelines, in a period of six weeks free from acute exacerbations (11, 15) .
-Hospitalization: patients in acute exacerbation and use of systemic corticoids should be investigated in the first 48 hours by means of fasting plasma glucose (FPG) and capillary glycemia controls (SMBGself-monitoring of blood glucose). In this condition, a patient would be considered diabetic if he or she presented fasting glycemia ≥ 126 mg/dL or postprandial glycemia ≥ 200 mg/dL. When capillary glycemia levels are greater than 200 mg/dL, blood samples should be collected for glycemia in order to confirm the diagnosis. This aspect reveals specific consideration for CF patients, or in other words, the interpretation of elevated glycemia during the most severe periods of the disease.
The recommendation for patients with CF considers that hyperglycemia, besides being a diagnostic criteria for diabetes, determines the onset of CFRD, even in patients hospitalized and ill. Cystic fibrosis is a disease associated with hyperglycemia, which is a reflex of insulin deficiency, even when associated with insulin resistance due to a recurring event. The definition of the disease by these criteria encourages early intervention and improves chronic complications (10, 11, 15 ).
-Enteral nutrition: very frequently, patients with CF have to use enteral nutrition as nutritional support. In these cases, it is recommended that capillary glycemia control should be performed in the first infusion, during and after the termination of the diet, and at home, once a month. In the case of alterations, blood samples should be collected for plasma glycemia in order to confirm the diagnosis (11, 15) .
-Pregnancy: oGTT should be performed during pregnancy planning in patients with CF. When pregnancy is confirmed, a new oGTT should be done immediately, if the patient does not have results within the normal range for six months prior to follow-up (11, 15) . During pregnancy, oGTT should be performed between weeks 12 and 16, and again between weeks 24 and 28. Diagnostic levels following oral overload of glucose for gestational diabetes in CF are fasting glycemia ≥ 92 mg/dL, glycemia after 1 hour ≥ 180 mg/dL, and ≥ 153 mg/dL after 2 hours. Patients who are diagnosed with gestational diabetes should have another screening control at 6 and 12 weeks after conceiving.
According to the latest Consensus, it was determined that there is no need to separate patients with CFRD in terms of presence or absence of fasting hyperglycemia (11, 15) . In previous recommendations, patients without fasting hyperglycemia were not indicated for insulin therapy (12, 14) , but more recent studies have shown the benefits of the early treatment of CFRD with insulin for both groups (with or without fasting hyperglycemia), thus justifying that it is unnecessary to separate the two groups, or to alter the diagnostic classification (7, 18) .
CFRD is, in fact, the final period in a spectrum of progressive abnormalities in glucose tolerance. The first alterations may range from intermittent postprandial hyperglycemia, followed by oral glucose intolerance, to diabetes with or without fasting hyperglycemia. An isolated alteration in fasting glycemia is rare in CF, and patients tend to maintain normal fasting glucose for a considerable time after the first 2-hour oGTT greater than 200 mg/dL (19) . Such an alteration may be considered as a fluctuation in the degree of glucose tolerance, and may vary from one individual to another.
Another aspect to be taken into account is that the insulin sensitivity in CF may vary according to the patient's clinical condition, the presence of infection, nutritional status, and use of medications (mainly corticoids). A patient with CF who presented diabetes during a pulmonary exacerbation period may return to normal glucose tolerance values within weeks or months (11) .
Hemoglobin A1C (HbA1c), considered a good diagnostic test for diabetes in the general population, should not be considered as a routine screening test for diagnosis in CF patients (10) . Studies have shown a weak correlation between HbA1c and the degree of glucose tolerance. However, when HbA1c yields a high result, it should be taken into consideration in the diagnosis (20, 21) .
IncIDence AnD PRevAlence
Increased incidence and prevalence of DM and glucose intolerance in CF are greater than in any other group of the same age, including Pima Indians (22) . An age--dependent elevation of 4%-9% in prevalence per year was found in Denmark (23). The incidence depends on the monitoring and diagnostic criteria utilized by the medical services, and may be underestimated in centers which do not screen all patients.
Increased prevalence involves older individuals, but CFRD has been diagnosed in even younger patients, as HLA class II (37) or VNTR (29) , but, as in DM type 2, a correlation has been found with genes linked with the tumor necrosis factor (37), heat shock protein (37, 38) , and calpain 10 (39). Occasionally, DM type 1 has been found in CF (40, 41) .
Pancreatic alterations are due to the abnormal function of the chloride channels in CF, which results in viscous secretion, causing obstruction of the exocrine pancreas with progressive fibrosis and fat infiltration. This mechanism may lead to the destruction and rupture of the islets, which, in turn, lead to loss of beta, alpha and polypeptide cells. However, postmortem studies have not found a great loss of islets in CFRD patients when compared with patients who had normal glucose tolerance. On the other hand, amyloid polypeptide, which is also characteristic of DM type 2, was found in 69% of the CFRD patients, and was absent in the non--diabetics ones (42, 43) .
The primary defect that leads to diabetes is severe, but not absolute, insulin deficiency (6, 23) . Fasting insulin and peptide C may be normal, but there is a delay in the peak secretion of insulin during the oGTT. Peak insulin secretion in normal individuals occurs at 30 to 60 minutes, while in CFRD patients it is observed between 90 and 120 minutes. This delay in insulin secretion in the oGTT is related to the loss of the first phase of insulin secretion, which was found in CF patients, even in those who still presented normal glucose tolerance (44) .
Another issue that is discussed in relation to the development of CFRD is the presence of insulin resistance. A clamp study found hepatic insulin resistance with elevated glucose production (in fasting, as well as in response to insulin infusion), occurring equally in diabetic patients and in those who had totally normal fasting glucose levels (44) . It has been hypothesized that increased energy needs of CF patients create a physiological balance between elevated hepatic glucose production and high glucose demand (43, 44) . In addition, the frequent use of glucocorticoids and constant infections may worsen this condition. However, despite these aspects, the insensitivity to insulin is not as important as its deficiency in the development of CFRD.
PROgnOStIc IMPlIcAtIOnS Of cfRD Mortality and pulmonary function
A 1988 study showed data in which 25% of the CFRD patients reached the age of 30, compared with 60% of including during the first year of life (24, 25) . At the Center for Cystic Fibrosis of Minnesota University, where oGTT is done annually in all patients 5 years of age or older, prevalence of DM was 9% for those between 5 and 10, peak incidence was between 20 and 30 years of age, and it affected 45%-50% of the patients around 40 years old (17) . In Denmark, where oGTT is performed annually from infancy on, 50% of the patients had diabetes at around 30 years of age (26) . In the European CF Epidemiology register, the prevalence of DM among children and adolescents with CF varied 5% (10-14 years old) to 13% (15-19 years of age) (27) . A prospective data compilation in Ireland found a similar scenario, with 69% normal tolerance; 14% glucose intolerance; and CFRD in 17% of the patients between 10 and 19 years of age (28) .
There are studies that correlate the greater prevalence of CFRD with mutations in delta F508 gene, principally when in homozygosis (29) . In Europe and the United States, this mutation is present in as many as 70%-90% of the patients studied. Such rates could therefore justify the high prevalence of CFRD in these regions. In Brazil, this mutation has been described as present in 33% to 52% in São Paulo (30-32), 49% in Rio Grande do Sul, and 27% in Santa Catarina (31) .
In relation to the prevalence of CFRD among us, there is little information available, with prevalence ranging from 4.8% to 33%, depending on age and type of diagnostic screening test used (33) (34) (35) . In our practice, at Hospital da Santa Casa de São Paulo, the oGTT has been performed annually in all patients 10 years old and over, since 2000. In 2009, we began the study screening children from 8 years of age on. In a preliminary data compilation involving 63 patients until December 2010, the prevalence of altered test results in the age group of 8-10 years was 18.2% (for IGT and CFRD), and 26.7% in patients older than 10 (36) .
These data suggest that our population has the same trend of high CFRD prevalence, as evidenced in the literature, and indicates the need to carry out screening procedures for early detection.
PAtHOPHYSIOlOgY Of cfRD
There are studies that correlate the occurrence of CFRD with mutations associated with more severe diseases, such as phenylalanine 508 deletion (delta F508), and pancreatic exocrine insufficiency (29) . There is no correlation with gene susceptibility to DM type 1, such the CF patients without diabetes (45) . It was the first time a study showed greater mortality in CF and diabetes patients. From then on, other studies have demonstrated that the diagnosis of DM in CF patients is associated with worsening of nutritional condition, more severe lung disease, and higher mortality (45, 46) .
The impact of diabetes on pulmonary function seems to be the most important morbidity in these patients. Both insulin deficiency and hyperglycemia negatively affect pulmonary disease in CF. Nutritional condition and pulmonary function begin to deteriorate several years prior CFRD diagnosis, a period in which minimal hyperglycemia is present (9, 11) . Modest increases in glycemia (≥ 144 mg/dL) may influence pulmonary function, as they promote a glycemic increase in the bronchial tree, which may facilitate the growth of respiratory pathogens (47) . Fasting hyperglycemia (FH) does not appear to be relevant in the progression of the disease, as there was no difference in pulmonary function and nutritional condition among CFRD patients with and without FH (7) .
The level of pulmonary deterioration is directly related to the severity of insulin deficiency. In a 4-year follow-up, patients with glucose intolerance after the oGTT showed greater pulmonary function loss than those with normal glucose tolerance. CFRD patients, with or without FH, had an even greater loss (48) .
A longitudinal evaluation at a CF center compared the mortality of diabetes patients in 1992-97 and 2003-2008, and found a decrease in mortality of over 50% between the two (from 6.9 to 3.2 deaths per 100 female patients, and from 6.5 to 3.8 for male patients) (7). This improvement was attributed to earlier diagnosis and more aggressive insulin treatment in the later period (7) .
CF pulmonary function, dependent on weight and maintenance of lean mass, is affected by insulin deficiency, which compromises nutritional condition, generating a catabolic state, with breakdown of fat and proteins (49) . In a recent controlled, random, placebo--controlled, multicenter study, it was demonstrated that insulin therapy was able to revert chronic weight loss in adult CFRD patients, with and without FH. This finding put an end to the old discussion about when insulin should be prescribed in cases of light forms of diabetes (without FH), considering that treatment should be initiated in the earliest stages of the disease (18) .
As for patients with oral glucose intolerance or the so-called "indeterminated diabetes", the benefits of insulin therapy have not yet been proven. Small studies done in adults and children suggest that insulin should be recommended and introduced in these cases, but more studies are necessary before any modification can be suggested (50, 51) .
Macro and microvascular complications
In spite of the increase in survival among CFRD patients, there is no record of CF patients who succumbed to atherosclerotic cardiovascular disease. This is due to the fact that the cholesterol levels in these patients are generally low, despite a diet rich in saturated fat (52) . Low cholesterol levels may be attributed to poor absorption of fats, and may be even intrinsically correlated with the basic defect in the CF gene, as cholesterol levels are low even in well-nourished patients.
Microvascular complications, such as blindness, glaucoma, hypertension and renal failure have been described in patients with CFRD (53, 54) . In Denmark, 36% of the patients who have had diabetes for over 10 years present retinopathy (55) . A study that evaluated 285 patients with CFRD did not find complications in patients who presented normal fasting glycemia. In those who presented fasting hyperglycemia, microvascular complications were rare with less than 10 years of diabetes progression. In patients with FH and over 10 years with the disease, 14% had microalbuminuria, 16% retinopathy, 55% neuropathy and 50% gastropathy (53) .
Despite the fact that microvascular complications in CFRD are less frequent than in other types of DM, it is important that these complications are screened 5 years after the diagnosis (10, 11, 15) .
tReAtMent Of cfRD nutritional orientation
There is no place for caloric restriction in the nutritional management of CF patients with CFRD. Maintenance of an adequate caloric balance to preserve the body mass index (BMI) is essential for the health and survival of CF patients. CFRD diagnosis should not alter the usual CF dietary recommendations ( Table 2) .
Maintenance of the BMI over 50 percent, for gender and age between 2 and 20 years old, is considered the ideal goal. For adult females, it would be > 22 kg/m² and for males > 23 mg/m² (56). 
Insulin therapy
Currently, insulin is the only medical therapy recommended for CFRD (10, 11, 15) . Due to the variables, which are extremely dependent on the type of CF progression (degree of insulin deficiency, utilization of enteral nutrition, pulmonary function impairment, use of associated medications), insulin therapy regimens should always follow the patient's needs. These regimens go from the utilization of rapid or ultra-rapid--action insulin, to suppress postprandial hyperglycemia, to the use of the basal-bolus regimen in multiple doses, and even to an insulin infusion system for the most insulin-deficient patients. A study by Hardin and cols. reported 10 young adults treated with, and monitored by, the Continuous Glucose Infusion System (CIS) for a period of 6 months. All of them presented an improvement in BMI and pulmonary function, and a reduction in corporal catabolism (57) . Other studies before that had already suggested that insulin stabilizes pulmonary function and improves nutritional condition (7, 18) .
We did not find studies showing benefits of insulin in children and adolescents with CF and glucose intolerance.
tHeRAPY wItH ORAl AgentS
The oral agents for diabetes are not recommended in CFRD (10, 11, 15) , but there are some data in the literature on their use in this situation.
Repaglinide: insulin secretagogue, increased endogenous insulin concentration, but was less effective than the rapid-action insulin in the control of postprandial hyperglycemia in an experimental study (58) .
Sulfonylureas: block and inhibit chloride channels and cause hypoglycemic problems.
Agents that increase sensibility to insulin may not be effective as a monotherapy, as insulin resistance is not the main etiology in CFRD (59) . Metformin: causes, in most patients, intolerable collateral effects, such as nauseas, diarrhea and abdominal discomfort (60) . Thiazolidinediones: were recently associated with osteoporosis.
In conclusion, in the last few years, there has been a rapid increase in the survival of cystic fibrosis patients due to an improvement in diagnosis and treatment conditions. With the increased lifespan, the comorbidities associated with the disease, which were previously unknown or rare, have also begun to appear. Among them, CFRD appears as the most frequent and most potentially severe one, worsening patient quality of life and prognosis.
The presence of CFRD is clinically difficult to detect, as it may be asymptomatic for several years prior to diagnosis. Its high frequency, the absence of signs and symptoms in the initial phases, and risk of association with clinical deterioration, justify the studies that have been done on the diagnosis and treatment of this disorder.
Currently, a standardized routine is advocated to achieve this aim, with annual screening for early detection of CFRD with the oral glucose tolerance test for all cystic fibrosis patients, beginning at 10 years of age. CFRD assessment should also be carried out among patients younger than 10 years of age who present symptoms suggestive of DM, and in situations where insulin resistance is temporarily increased (pulmonary exacerbations, enteral nutrition, pregnancy, use of corticoids).
The early treatment with insulin should be instituted and individualized as soon as the diagnosis is confirmed, which will result in an important improvement in the clinical conditions and survival of CF patients.
The presence of another diagnosis -Diabetes -for the families and the patients with CF, is frequently difficult to accept and, sometimes, devastating. In addition to the impact of the chronic and incurable disease, there is the need for introduction of a treatment consisting of daily injections, for a patient who already has an intense daily nutrition and medication routine. To make matters worse, screening produces a diagnosis before the symptoms appear, which generates great resistance and a tendency for low adherence to insulin treatment.
In this case, the existence of a multidisciplinary team, with a pneumologist, a physical therapist, a psychologist and a nutritionist, in addition to the endocrinologist, is essential to promote the understanding of, and the adherence to the treatment and control of CFRD.
Despite all the advances that took plance in such a short period of time, many doubts and controversies still persist in relation to to this very peculiar form of diabetes. Answers may be provided by new studies in the next years.
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